Different geographic regions in which thoroughbred
farms, one at Urakawa in the Hidaka region in Hokkaido (Hidaka training and research center; HYF) and the other at Miyazaki in the South Kyushu region (Miyazaki Yearling Farm; MYF). About eighty yearling horses are trained at these farms and transferred as racehorses to racecourses or training centers in April, when the horses are 2 years of age. One of the disadvantages of training horses at the farm in Hokkaido is that the training courses often become frozen and unsuitable in the winter season, although numerous training sessions have been conducted in the Hokkaido region since 1993, and several training protocols have been used successfully, even in winter. On the other hand, even if there are no differences in the quality of training, it is important to bear in mind that there may be diffe renc es in nut rition al requirements and digestive energy intake between yearlings trained at the two farms.
Cymbalk [3] reported that horses raised in cold ambient temperatures require more digestible energy than those raised in warm ambient temperatures. The increase in the digestible energy requirement in cold ambient temperatures was attributed to increased basal energy metabolism in cold weather. The ambient temperature also affects the grass in the pastures and the grass harvested for hay at the breeding farm. For example, the main pasture grasses in Hokkaido are timothy and Kentucky bluegrass, whereas those in the Kyushu region are Italian ryegrass and bahiagrass. Thus, the nutritional intake and growth of yearling horses bred at the two yearling farms in Hidaka and Miyazaki might be different.
The digestible energy intake and growth of yearling horses at the HYF and MYF were compared, both in the winter and in the summer, to study the influence of geographic region on growth performance of thoroughbred yearlings.
Materials and Methods
The Hidaka training and research center (HYF) in Japan is located in South Hokkaido, at latitude 42.4°a nd longitude 142.4°, and the Miyazaki yearling farm (MYF) is located in South Kyushu, at latitude 31.6° and longitude 131.3°. The average temperatures in the Hidaka region in the summer (September) and winter (February) are 16.9 and -3.0°C respectively, and the corresponding temperatures in Miyazaki are 24.0 and 8.8°C, respectively [13] . 
Horses and Management
Eighteen yearling males were selected for the study, and the animals were divided equally into two groups, such that there was no imbalance in the body weight or physical status between the two groups. The yearlings of each group were sent to be fed and trained at the HYF or MYF. The mean ages of the yearlings in the HYF and MYF groups were 18.1 ± 1.1 (SD) and 17.7 ± 1.0 months old, respectively, in the summer, and 24.1 ± 1.1 and 22.7 ± 1.0 months old, respectively, in the winter. One horse of the HYF winter group was excluded from the analysis because we recognized that its daily weight gain was abnormal. Investigation of the apparent digestible energy intake was conducted in both summer and winter. The periods of the digestible energy intake trials in the summer were from August 24, 1997 to September 3, 1997 at the HYF, and September 7, 1997 to September 17, 1997 at the MYF. The average age of the horses during the summer trials was 17.9 months. The digestible energy intake trials in the winter were held from February 7, 1998 to February 17, 1998 at the HYF, and February 1, 1998 to February 11, 1998 at the MYF. The average age of the horses during the winter trials was 23.9 months. Details of the feed intakes and grazing times at the two farms are shown in Table 1 . The concentrate intakes were determined from previous empirical data at the two farms, taking into consideration the forage intakes in each season [11, 14] . The horses were fed twice a day, at 06:00 hr and 15:00 or 16:00 hr. The nutritional compositions of the harvested hay and the grass on the pastures in the summer and winter are shown in Table  2 . The main hay harvested at the HYF was timothy, and that at the MYF was Italian ryegrass. The main grass in the pasture at the HYF was Kentucky bluegrass, and that at the MYF was bahiagrass. All the horses were allowed free access to hay, water and the salt block in the pen. The animals were not undergoing training in the summer, but in the winter they exercised by running a distance of about 2,400 meters at 550-600 m/min on 5 days each week. The animals were housed in individual pens when they were not grazing or exercising.
Digestible Energy intake
Feces were collected on four consecutive days after a one-week adaptation period, to determine the digestible energy (DE) intake. The amount of hay fed to the horses was based on observations made during the adaptation period. An indicator method using Cr 2 O 3 was applied to estimate the total amount of feces [18] . The two daily feeds were mixed with 10 g of Cr 2 O 3 and moistened with water to avoid residual Cr 2 O 3 in the feeders; there was, therefore, no residual Cr 2 O 3 in the feeders during the study. About 500 g of feces were collected at 7:00 hr and 19:00 hr each day for 4 days. The two samples of feces collected each day were mixed and then dried at 60°C for more than 48 hr before their chemical composition was determined. The total daily excretion of feces was estimated using the following formula:
Total daily amount of feces excreted=(Amount of Cr per 20 g Cr 2 O 3 )/(percentage of Cr in the feces) (Formula 1)
The daily amount of feces excreted was estimated, and the values for 4 days were used to determine the average amount of feces excreted in one day.
Grass intakes from the pasture were estimated by an indicator method using lignin. The daily grass intake from the pasture was estimated using the following formula: Total daily grass intake from the pasture=
grass from the pasture) (Formula 2), where F is the total daily excretion of feces, estimated using Formula 1, H and I are the amounts of hay and feedstuffs ingested daily, and L f , L h and L i are the percentages of lignin in the excreted daily feces, hay and ingested feedstuffs, respectively. The daily grass intake from the pasture was estimated, and the values for 4 days were used to determine the average amount of grass intake from the pasture in one day.
The amount of Cr in the feces was analyzed by the AOAC method [4] and the amount of lignin in the feces, feeds, hay and pasture forage was analyzed by the acid-fiber method [20] . The amount of energy in the feeds and the feces was quantified using a bomb calorimeter (CA-4P, Shimadzu Corporation, Kyoto, Japan). The daily apparent digestible energy (DE) intake was estimated using the following formula:
Daily apparent DE intake=
where G is the daily grass intake from the pasture, averaged over 4 days and estimated using Formula 2, H and I are the amounts of hay and feedstuffs ingested daily, and F is the daily amount of feces excreted, averaged over 4 days and estimated using Formula 1. E g , E h and E i are the energy contents of pasture grass, hay and ingested feedstuffs, respectively, and E f is the average energy content of the daily feces averaged over 4 days.
Growth Rate
The body weights of the horses were measured every day during the digestible energy trial period, including the one-week adaptation period and the 4-day study period. The body weight (BW) was averaged over the 4-day study period. The withers height (WH), heart girth (HG) and cannon circumference (CC) were measured once during the study period. All the results were expressed as means ± SD.
Chemical Analyses
The AOAC method [1] was used for measuring the amounts of moisture, ash, CP (N × 6.25) and ether extract (EE) in the pasture grass and hay. The cell wall fractions (NDF and ADF) were determined according to the methods of Van Soest [20] , using a sequential procedure after prior amylolytic treatment.
Statistical analysis
The significance of differences was tested using repeated-measures ANOVA with a Student-NewmanKeuls multiple-range test. Significant differences of regression coefficients and intercepts in the regression equations for average daily body weight gain (ADG) and DE intake/100 kg body weight between the HYF and MYF yearlings in the same season were tested using Student's t-test. The significance level for all the statistical test results was set at p<0.05.
Results

Summer Season
The concentrate, hay and pasture forage intakes of the animals are shown in Table 3 . The average daily dry matter (DM) intakes of the HYF and MYF yearlings were 13.0 ± 1.2 and 12.4 ± 1.7 kg/day, respectively, and there was no significant difference between the two farms. However, the pasture forage intake was less and the hay intake was larger in the yearlings at the HYF, compared to those at the MYF. Although intake of pasture forage was greater at the MYF than that at the HYF (p<0.05) and intake of hay was smaller at the MYF than that at the HYF (p<0.05) (Table 3) , the roughage intake, representing the sum of the pasture forages and hay intake, was not different between the MYF and the HYF. The DE intakes of the animals at the HYF and MYF were 23.8 ± 3.8 and 24.3 ± 3.0 Mcal/day, respectively; the difference between the two was not statistically significant (Table 3 ). There were no significant differences in the BW, WH, HG, CC or the average daily body weight gain (ADG) between the animals at the two yearling farms ( Table 4) . The relationships between the ADG and DE intake/100 kg body weight in the HYF and MYF yearlings in the summer are presented in Fig. 1 . A significant positive correlation was noted between the two parameters at both farms (HYF: r=0.717, p<0.01; MYF: r=0.635, p<0.05). There were no significant differences between the HYF and MYF yearlings in terms of regression coefficients or intercepts in the regression equations (the combined linear regression for the two farms was as follows: ADG (kg/day)=0.441 × DE intake/100 kg body weight (Mcal/100 kg BW)-1.710; r=0.699, p<0.001).
Winter Season
The average DE intakes of the HYF and MYF yearlings in the winter season were similar to those in summer ( Table 5 ). The concentrate consumption was larger in the HYF yearlings than in the MYF yearlings, and the DE intakes of the HYF and MYF yearlings were 23.5 ± 2.5 and 24.7 ± 2.5 Mcal/day, respectively (Table  5 ). All growth parameters, including BW, WH, HG and CC were smaller in the HYF yearlings, and the HG and CC were significantly larger in the MYF yearlings (p<0.05) ( Table 6 ). There were no significant differences between the yearlings raised at the two The average daily body weight gain (ADG) was calculated from the daily weight gain during the digestible energy trial period, which included a one-week adaptation period and a 4-day study period. farms in terms of DE intake or energy digestibility. The DE intakes and energy digestibility, however, tended to be smaller in the HYF yearlings, considering the increased concentrate consumption. A significant positive correlation between the ADG and DE intake/ 100 kg body weight was noted for the MYF yearlings in the winter (r=0.682, p<0.01), whereas no such correlation was noted for the HYF yearlings in the winter. There were significant differences in the regression coefficients and intercepts in the regression equations between the HYF and MYF yearlings (p<0.05) (Fig. 2) . The average daily body weight gain (ADG) was calculated from the daily weight gain during the digestible energy trial period, which included a one-week adaptation period and a 4-day study period. 
Discussion
There were no significant differences between the DE intake of yearlings raised at the HYF and MYF in either season. While the concentrate intakes were larger in the HYF yearlings in both seasons, no difference in the total DE intake was observed between the horses at the two yearling farms. The dry matter digestibility of the mixed diet is known to be significantly higher than that of the forage diet [16] , which is attributed to the mixed diet containing a higher concentration of non-structural carbohydrates (NSC) and a lower level of fiber [15] . Warm-land pasture such as bahiagrass (BG) is considered to be inferior in nutritional composition, compared to coldland pasture such as Kentucky bluegrass (KB) [6, 7] . This is because of the delay in the use of the former kind of pasture for breeding, in comparison to coldland grass. In this study, the CP concentration on a dry matter basis in KB at the HYF was 15.2% and that of BG at the MYF was 13.8%; therefore, the difference was not too large. Moreover, the NDF concentrations on a drymatter basis in KB at the HYF and BG at the MYF were 56. 2 and 67.4 %, respectively, and the li gnin concentrations in KB and BG were 6.5 and 4.5%, respectively. Negative correlations between lignin concentration and NDF digestibility have been reported [17] , and it is assumed that the NDF digestibility of BG was not inferior to that of KB because of the low li gnin conce ntr ati on . The li gnin concentration of MYF-harvested Italian ryegrass was more, on a dry-matter basis, than that of timothy hay harvested at the HYF (2.4 and 4.5%, respectively), but about 90% of the forage intake at the MYF was pasture forage (BG). The ingestion of a greater amount of pasture grass by yearlings at the MYF, compared to those at the HYF, may be explained by the difference in grazing times at the two farms (about 6 hr at the HYF and 17 hr at the MYF). The absence of any significant differences in the DE intake and growth parameters between the horses at the two yearling farms during the summer showed that the nutritional composition of BG at the MYF was not inferior to that of KB and timothy hay harvested at the HYF. The nutritional composition of warm-land grass may thus be sufficient for yearling horses if forage growth is conducted correctly [9, 12] .
The absence of a significant correlation between the ADG and DE intake/100 kg body weight was noted only for yearlings at the HYF in winter. Although the reasons for this finding could not be clarified in this study, we propose two hypotheses. The first relates to a probable change in the basal metabolic energy of the yearlings at the HYF in winter. Cymbalk [3] reported that an increase in the DE requirement is observed for every 0.7°C decrease in the ambient temperature below 0°, presumably because of the increasing basal metabolic rate required to maintain the body temperature. There was no significant difference in the DE intake between the HYF and MYF yearlings in winter, even though the DE requirement appeared to be higher in the HYF yearlings in winter. The HG and CC were significantly smaller in the HYF yearlings, compared to the MYF yearlings, in winter, suggesting that the DE intake in the HYF yearlings might not be sufficient to support the same level of growth as that in the MYF yearlings [5] . Our second hypothesis is that growth delay occurs because of a possible change in hormonal balance upon exposure to very cold ambient temperatures [2, 10, 19] , and that the change in hormonal balance might effect bone development [8] .
Yamamoto [21] reported that the growth curve of yearlings at the HYF suggested delayed growth, presumably attributable to their exposure to very cold ambient temperatures. It is unclear whether the absence of any significant correlation between the ADG and DE intake/100 kg body weight at the HYF in winter was because of insufficient DE intake or delayed growth due to hormonal changes [2, 10, 19] , but at the very least, more attention must be paid to the nutritional composition of feeds for yearling horses in Hidaka in the winter season, compared to those in Kyushu. If the concentrate intake is sufficient, the horses' energy intake will be sufficient to meet the increased requirements in cold ambient temperatures [4] .
We conclude that the geographic region in which pasture grass is grown and hay is harvested has no influence on the DE intake of thoroughbred yearling horses. On the other hand, the regional ambient temperature might affect the growth rate of a thoroughbred yearling horse in the winter season.
